Introduction
Remote sensing refers to the activities of recording, observing, perceiving (sensing) objects or events at far away (remote) places (Canada Centre for Remote Sensing, 2003) . Remote sensing techniques are widely used in agriculture and agronomy (Dorigo et al., 2007) . In fact, a remote sensing image provides spatial coverage of a field, and can be used as a proxy to measure crop and soil attributes (Fitzgerald et al., 2006) . In many developing countries like Ghana, agricultural statistics utilized in different incompatible formats (tabular and graphs) that lack Geo-referencing as second level administrative aggregates. However, administrative areas are arbitrary in geographical terms varying in size, shape and time posing serious problems for mapping attempts or to interpret spatial patterns in statistical data or integrate this data with other data set (Rogana and Chen, 2004) . Remote sensing plays an important role as auxiliary variable in the production of agricultural statistics, when area frame or multiple frames sample designs are used. It can, also, be used at the design level as well as at the estimator level. At the design level, the most typical use of remote sensing data is in the area frame construction and stratification. Remote sensing data can also be used to optimize the sample design where a previous ground survey is not performed; in fact, spatial characteristics (e.g. correlograms) of variables of interest can be estimated on the basis of photo interpretation of remote sensing images (Quarmby et al., 1993) .
The agricultural area in Egypt is composed of two parts: Nile Delta and Valley, which is the main contributor of food production, trading activities and national economy. It is also the most densely populated area in Egypt. Through the last four decades, vast areas on the desert fringes of the Nile Valley and Delta were reclaimed using mostly Nile water to add greater economic assets and relocate a significant portion of the population (El-Bagouri, 2008) . The land cover changes in the Eastern Nile Delta of Egypt could be summarized as; a) the urban settlements increased considerably with high rate of annual increase ; b) slight increase in the total cultivated area while the annual rate of agricultural reclamation decreased significantly in the last few years; c) the rate of change for desert areas is stable. There is an urgent need to activate the agricultural reclamation effort to run in parallel with the urbanization processes in this area (abou-Hadid et al., 2010a) . The agricultural land area is determined by climate and water availability (Khalil et al., 2011) .
The Nile River is the main source for irrigation, Egypt`s total water budget is estimated for about 58 billion m 3 , 95 per cent of which is drawn from the Nile (55.5 billion m 3 ), the remaining five per cent is resourced from groundwater and rainfall. Inflowing Nile water is stored in Lake Nasser and shared between Egypt and Sudan. Rain falls mostly in winter and on the Mediterranean coast and does not exceed 130-170 mm. Excerpt from (Egypt`s 2 nd National Communication to the United Nations Convention on Climate Change, 2010). The per capita water share is 815 m 3 per year (Mohamed A. A. A., 2012) . Agriculture uses 80 percent of Egypt`s water resources. Egypt ranks among the lower 10 percent of countries in the region in terms of water efficiency in irrigation, with only limited advancement over the past ten years (Egypt National Competitiveness Council, Egyptian National Competitiveness Report, 2009).
Based on the above background, and due to the water is a limit factor which controls land reclamation process in Egypt, the main objective of the current study is to compare the remote sensing and field survey technique during 2008/2009 winter and 2009 summer seasons with the conventional statistical method used by MALR. In addition to estimating the water budget of cultivated areas in Nile Delta and Valley during winter and summer seasons.
Materials and methods

Methodology
Suitable methodology according to (abou-Hadid et al., 2010 b) is developed for estimating crop area by integrating remote sensing and GIS based on survey approach. Area frame surveys were common approaches to gather land cover data. In contrast to mapping approaches, area frame sampling was a statistical method. Based on the visual observation of sampling geo-referenced points, area estimates were computed and used as a valid generalization without studying the entire area under investigation.
The survey concerning the estimation of yield for the major crop was carried out by cutting small samples in the field. The samples cover the whole Nile valley and the delta, with an observed area of about 35000 km² and distance from South to North of about 1000 km. Digital topographic maps 1:5000 and SPOT5 satellite Images were used, 2.5m resolution, Ortho-rectified (DTM). The survey used the WGS84, Universal Transverse Mercator 36 N, (parameter are given hereafter).
Three thousands site were visited during the winter crop survey, the samples could be constituted of a sub-set of these sites and one point will be designed in each of the selected sites. If this point is wheat, it will be included in the yield sample and visited at harvest time. The sub sample is defined as points of observation, 250m x 250m apart; there are 10 points of observations which are called points, they are located in two lines East-West of 5 points. In the winter survey of 2009, the main results were field crop land cover of the major area in the Nile valley and Nile Delta, its cover is about 48% of the total area. Furthermore, the field crops cover is about 79% of the total cultivation area, the wheat and clover (Barseem) covered about 75% of the total field crop area. 
Area or point sampling
The decision to sub_ sample the segment area through a grid of points is straight forward when looking to the structure of variance (variance between segments and variance between points within segments). In all our sampling simulation, the component of variance related to the second stage rarely reached 5% of the total variance.
For the above reasons, the sampling plan adopted consists of one systematic square grid 2 (1x1.5Km) and rectangular segments of 2x5 points 250 m apart (Abou-Hadid et al., 2010 b) . This imposes, due to the absence of replicates, an approximate estimation of variance through the differences between neighbouring sampling units (Cochran, 1977) .
The survey started on the 15 th January, 2009: the sample covers the whole Nile valley and the delta, the observed area is about 35000 km² and the distance from South to North is about 1000 km Fig. (1) . One hundred surveyors, each visited a 1/100 of this area, and a set of supervisors to manage the network of surveyors. A supervisor covers a regional zone and manages about ten or twelve surveyors. These ratios were globally maintained in 2009. 
Determine field survey sites
The sampling plan is systematic and has two levels Fig. (2) : Primary Sampling Unit (PSU) and Secondary Sampling Unit (SSU). The primary sampling Unit is based on a regular grid 1x 1.5 km coming from the Egyptian cadastral maps 1 x 1.5 km. The cadastral maps were elaborated by the Egyptian Survey Authority (ESA) and have been updated by the Ministry of Agriculture using aerial photographs in the year 1985. The PSU represents an area of around 1.5 km². The index grid of the maps has been drawn over the full Egyptian territory while the systematic random has been carried out in chosen one out of ten sheets according to the following algorithm. Sx, y = ith (modulo 5) column on the jth row, and (i+2) the (mod 5) column on the (j+2) th row.
The following examples show the geo-referenced Grid 1 x 1.5 km covering the entire Delta and Nile Valley including around a buffer zone in order to take into account a potential agriculture extension over the desert. The coordinate system used for all geographic data were downloaded on 
Determine of sub site (Points)
The SSU's are defined as points of observation, 250 m x 250 m apart; there are 10 points of observation, which are called points. They are located in two lines East-West of 5 points. From the previous grid of selected sites which came from the previous project, some steps were implemented in order to obtain the final grid of 10 point. The different steps are described next.
Nomenclature
The design of the nomenclature is based on Classification system for land cover and land use (Eurostat, 2001 and Abou-Hadid et al., 2010 b) . Various existing national and international classification systems have been analysed to establish best practice for the construction of a classification system in order to be used in the framework of LUCAS. The main points which were the object of analysis and choices are as follows:
• 
Estimators
Three main types of estimators will be used in function of the variable of interest was the area estimates: point sampling has the characteristic of having a sampling probability proportional to the size of the selected unit. For area estimates of land cover classes, this has the major interest via which an unbiased estimate is obtained through the multiplication of the area of interest by the percentage of points falling in the category of interest. 
Estimation of irrigation water requirements (IWR)
Two steps were used to estimate the irrigation water requirements for the major cultivated crops in Nile Delta and Nile Valley during winter and summer seasons. The first step was the estimation of the evapotranspiration (ETo) by using Food and Agricultural Organization (FAO) Penman-Monteith (PM) procedure, FAO 56 method, presented by (Allen et al., 1998) . In this method, ETo is expressed as follows:
Where: ETo is the daily reference evapotranspiration (mm day -1 ), Rn is the net radiation at the crop surface (MJ m -2 day -1 ), G is the soil heat flux density (MJ m-2 day -1 ), T is the mean daily air temperature at 2 m height (ºC), U2 is the wind speed at 2 m height (m s -1 ), es is the saturation vapor pressure (kPa), ea is the actual vapor pressure (kPa), Δ is the slope of vapor pressure curve (kPa ºC -1 ) and γ is the psychometric constant (kPa ºC -1 ). The second step was the estimation of irrigation requirements for each crop by using the following equation according to (FAO, 56) as follows: WR = ETo x KC x IE Where: WR = Water requirements for cultivated crop. ETo= Reference evapotranspiration of agro-climatic region. KC= Crop coefficient. IE = irrigation efficiency for the irrigation system. Trickle irrigation method was supposed for the irrigation of vegetable and orchards crops and the efficiency of irrigation system was 80%, whereas flood irrigation method was supposed for the irrigation of field crops and the efficiency of irrigation system was 60%. 
Results and discussion
Winter Survey
The winter crop area survey was carried out during January and February at 2009 by the surveyors' teams. The surveyors visited 2700 sites, spread all over the Nile valley, the delta, and its extensions. The observed zone represents 52882 km². The surveyors noted the cover of the land for 31500 spots in the country and it was completed with 3500 spots, located inside large towns or at the boundaries (mainly desert and sea), which were photo-interpreted. Clover (Barseem) and wheat were the major crops in the winter survey, occupied about 4.5 million feddans of the total agricultural area during the 2008 winter season depending on GIS and field survey. The total cultivation area was almost 7.6 million feddan at 2008/2009 winter season. Wheat and Barseem occupied about 59% of the total cultivated area during 2008/2009 winter survey and 75% of the total occupied area of field crops based on the results of GIS + field survey data (Fig. 4) . There were no big differences between MALR records and GIS+ field survey data for tomato areas during the 2008 winter season. 
Summer Survey
The summer crop area survey was carried out from mid June to the end of July by CLAC. The surveyors visited 2000 sites, spread all over the Nile Valley, the Delta and its extensions. The observed zone represents 42900 km². The sites out of agriculture lands during the winter survey were excluded from the summer survey (desert, towns and wetland). Rice and maize are the main summer crops; meanwhile areas dedicated to cotton are shrinking. The barseem item corresponds to areas dedicated to seeds and has not already cropped. Agricultural bare land represents about 11% of the agricultural land, on these areas the winter crop has been already harvested and the area has not yet (Fig. 6) .
Maize occupied about 1.6 million feddans in 2009 summer season depending on GIS+ field survey technique ( Table 2 ). The area of maize was stable from 1980 till 2000. While the total cultivated area decreased in 2013 and reached 1.8 million feddans.
The area occupied by rice increased from 970 thousand feddans in 1980 to 1.6 million feddans in 2000, there were about 57% increase in rice area, while the area decreased in 2012 depending on MALR data to reach 1.47 million feddans and according to GIS + field survey data. The total area occupied by rice in 2009 summer season was 1.8 million feddans, while the MALR data was 1.36 million feddans as showed in table (2). Regarding the area occupied with the cotton crop during the period from 1980 till 2012, data shows that the area cultivated with cotton crop was decreased from 1.2 million feddans in 1980 to become 333 thousand feddans in 2012 summer season, this decrease was about 73% of the total cotton area. The GIS+ field survey data showed that the area of cotton was decreased sharply at 2009 season to become about 250 thousand feddans, whereas, the cotton area was 284 thousand feddans in 2009 season. 
Comparison between GIS + field survey data and MALR statistics
Data in figures 8, 9 and 10 showed the comparison between field survey and MALR statistics for the Nile Delta, Middle and Upper Egypt regions, respectively. Fig. 8 shows a matching between the data from field survey and MALR statistics for most governorates except Behira and Ismailia, those two governorates have a bigger desert extension area than the others, perhaps MALR statistics don't have enough accessibility to these areas and then the total cultivated area was lower than the real cultivated area. The same results are true for the Middle and Upper Egypt regions; field survey revealed that Giza and Minia governorates have different cultivated area compared to MALR statistics while Beni-Suif and Fyoum governorates are matched with the MALR statistics. Finally, Upper Egypt data obtained from field survey for Asyut, Qena and Aswan governorates was higher than MALR statistics. Generally, most governorates with desert extension have lower total cultivated areas by MALR statistics than field survey data. The same results were obtained by Abou-Hadid et al., (2010b) . 
Water budget
Irrigation water requirements
Data in Table 3 and Figure 11 show the estimated annual irrigation water requirements (IWR), cubic meter (CM) per feddan, for different cultivated crops during winter season, summer season and for permanent crops, i.e. sugar cane and orchards. Regarding to irrigation water consumption of winter crops, sugar beet was the highest in water consumption during winter, (2660 CM per feddan), followed by wheat (2334 CM per feddan). On the contrary, faba-bean was the lowest in water consumption (1398 CM per feddan). Generally, summer crops were higher in irrigation water consumption than winter crops, due to the higher average air temperature degree in summer months compared to winter months. This increase led to the increase in evapotranspiration. Furthermore, Rice was the most water consumption crop, (5074 CM per feddan), while vegetables were the lowest irrigation consumption crops. As for permanent crops, data show that sugar cane was higher in water consumption, (7796 CM per feddan), than orchards trees (5277 CM per feddan) may be due to the use of modern irrigation system, such as trickle or sprinkler irrigation systems, in new reclaimed land in the dessert areas, whereas sugar cane was irrigated using old flood irrigation system. 
Water budget for winter season
Data in Table 4 and Fig. 12 show the trend of total water budget for cultivated areas from 1980 to 2013 winter survey. The total water budget was increased continuously throughout the studied period, the amount of irrigation water increased from 11 billion cubic meters (BCM) in 1980 to 24 BCM in 2013 due to the increase of cultivated areas and governmental land reclamation efforts. On the other hand, there was a slight difference in water budget in 2008 between GIS + field survey and MALR statistics. Water budget based on GIS + field survey was 22.5 BCM whereas, the water budget was 21 BCM according to MALR statistics. This difference may be due to the high accuracy of the methodology used in GIS+ field survey. In 2013 winter survey, despite that sugarcane consumed much water per feddan, (7796 CM), the irrigation water consumption for orchards trees was greater ,because of the increase cultivated area of orchards trees, (1542 thousand feddans) compared to the cultivated area of sugarcane, (326 thousand feddans).
Wheat ranked as the second irrigation water consumption crop in winter survey, because of the government concern to increase wheat cultivation area to cope with the people's demand and rapid increase in human population. Barley and vegetables, including tomatoes are the lowest water consumption when compared to other crops. These results are due to the use of high efficient modern irrigation systems. As for barley crop, it is not highly affected by irrigation water and is able to resist water deficiency. Table 5 and Figure 13 show the water budget for cultivated area from 1980 to 2012 summer survey. The total water budget was increased continuously throughout the period of the survey; the amount of water irrigation increased from 20 BCM in 1980 to 25 BCM in 2012. This result is due to the annual increase of cultivated land areas because of land reclamation effort. On the other hand, there was a slight difference in water budget between 2008 GIS + field survey and 2009 MALR statistics, the water budget which estimated according to field survey was 25 BCM and was 24 BCM when MALR statistics were used. This may be due to the accuracy of methodology which is used in the field survey. According to the present data, rice is the highest crop in water consumption; the water irrigation budget for rice was 9 BCM in 2008 field survey and decreased to 7.5 BCM in 2012 that may be the result of the reduction of cultivated area of rice according to the recommendations of decision makers in agricultural sector. Water budget of cotton was decreased rapidly from 5 BCM in 1980 to 1 BCM in 2008 due to the decrease in the cultivated land area and these results which are matching with the government were neglected for the importance of cotton production in the national income. Furthermore , Egyptian farmers do not prefer to cultivate cotton because of its' small cash return .On the contrary, the water budget for cotton increased again in 2012 and reached 1.4 BCM which may be due to the governmental encouragement to increase the cotton cultivated area. Maize ranked the second crop in water budget after rice, because of the high importance of maize in food safety in Egypt.
Mainly, previous data show that Egypt is going to face a challenge in water resources, especially irrigation water. The water budget reached about 49 BCM during 2012 and 2013 seasons, due to the overlapping between crops and the use of cultivated lands more than once per year. Increasing land reclamation activities will increase the need for irrigation water. Therefore, we have two options to increase our food production; the first one is to find alternative water resources, such as ground water and the reuse of drained water. The second one is to change the crop pattern to achieve the maximum efficiency from available irrigation water budget. For example, we can replace some of the ricecultivated areas by maize crop because the second need less irrigation water. 
Conclusion
Nowadays, estimation of cultivated areas in the Egyptian Nile Delta and Valley by using GIS+ field survey technique is available in Egypt. Wheat and clover (barseem) represented the highest cultivated areas in winter survey; rice and maize were the highest cultivated area in summer survey. Water budget for cultivated crops in Nile Delta and Valley was estimated according to winter survey and reached 24 BCM whereas, according to summer survey was 25 BCM. Consequently, we have to find alternative water resources to increase the cultivated area and reclaim new land for agriculture. Furthermore, we should change the crop patterns and find alternative crops which use a little amount of irrigation water.
